Background: Extracranial atherosclerotic lesions of the carotid bifurcation cause 10% to 20% of all cases of cerebral ischemia. Until now, there have been no comprehensive evidence-and consensus-based recommendations for the management of patients with extracranial carotid stenosis in Germany and Austria.
references were found, including 182 randomized, controlled trials and 308 systematic reviews, of which 12 were Cochrane reviews. In addition, a systematic search in the Guidelines International Network database retrieved 16 current, high-quality guidelines on extracranial carotid stenosis and on the prevention of cerebral ischemia (4-9, e2-e5) (Figure 1 ).
Three grades of recommendation (GoR) were distinguished: strong recommendation, recommendation, and open recommendation. The hereby intended strength of a recommendation is indicated by arrows ( Table 1 ). The quality of the evidence was the basis in grading recommendations, but not necessarily the only factor. In cases where there was a clinical consensus despite a lack of adequate scientific evidence, the recommendation was issued with the label "good clinical practice" (GCP).
The grading of recommendations also took account of the harm and benefits of each intervention in question, the relevance of outcomes (trial endpoints) and effect sizes, the external validity and consistency of the findings, and ethical considerations.
Results

Epidemiology
More than 5% of persons over age 65 have an extracranial carotid stenosis measuring 50% or more. Men are affected about twice as commonly as women (10, 11) . According to most studies, the risk of ipsilateral stroke rises with the degree of stenosis and is
• less than 1% per year with less than 50% stenosis, • 1% to 5% per year with greater than 50% stenosis (e6-e8). Plaques that are hypoechoic on duplex ultrasonography are presumed to be associated with a higher stroke risk than echogenic lesions (12) . Moreover, histological analyses of carotid plaques and magnetic resonance imaging (MRI) studies have shown that the finding of a lipid-rich, centrally necrotic plaque, a thin or ruptured fibrotic cap, or plaque hemorrhages is associated with an elevated cerebrovascular risk (13, 14) . Overall, however, the carotid-associated stroke risk seems to have declined over the last few years, possibly because of improved medical primary and secondary prevention of arteriosclerosis (15, 16) .
Clinical manifestations and diagnostic evaluation
The typical manifestations of extracranial carotid stenosis include retinal ischemia, unilateral paresis, unilateral sensory disturbances, aphasia, and dysarthria. On the other hand, dizziness, diplopia, amnesia, and headache are atypical (GCP) ( Table 2 ). Stenosis can also be classified as symptomatic if the imaging studies-in particular, diffusion-weighted MRI-reveal acute or subacute clinically silent ischemia (17) .
The main ancillary diagnostic techniques are Doppler and color-coded duplex ultrasonography, with application of the current DEGUM criteria (↑↑). Auscultation is not suitable (↓). By international agreement, only the distal degree of stenosis (as per the NASCET trial criteria) should be used to quantify the degree of stenosis (GCP, [ Figure 2 ]) (18) . Supplementary tests include contrast-enhanced MR angiography and CT angiography (CTA) (GCP). Digital subtraction angiography (DSA) is no longer indicated, except in special cases (GCP).
Before any planned revascularization, symptomatic patients should have appropriate brain imaging with either computerized tomography (CT) or MRI. Such imaging studies can provide important additional information for asymptomatic patients as well, e.g., the demonstration of a clinically silent cerebral infarct (GCP). For all patients with arteriosclerotic carotid stenosis, the physician should obtain a full history of vascular risk factors and of other diseases secondary to arteriosclerosis (coronary heart disease [CHD], peripheral arterial occlusive disease [PAOD]) (GCP).
Universal screening for the presence of carotid stenosis is not recommended (↓↓), but screening is reasonable for persons with vascular risk factors, as long as the diagnosis of extracranial carotid stenosis would have clinical consequences (GCP): for example, in an otherwise healthy patient with normal life expectancy 
Treatment
The conservative treatment of asymptomatic and symptomatic carotid stenosis Only patients with a stenosis measuring at least 60% were included in the clinical trials of carotid endarterectomy (CEA) for asymptomatic carotid stenosis. Because a significant clinical advantage from CEA only became evident about five years after surgery, it is presumed that patients with an asymptomatic stenosis measuring less than 60% would benefit more from conservative treatment (GCP), and that asymptomatic patients who are at very high cardiovascular risk would not benefit at all from revascularization (GCP) (e9) . No RCTs are available regarding primary preventive treatment for patients with arteriosclerotic carotid stenosis. Nonetheless, these patients are at increased risk for vascular events, and it would be desirable for them to undergo comprehensive risk factor modification. This includes lifestyle modifications such as smoking cessation, normalization of body weight, and adequate exercise, as well as medication for the treatment of arterial hypertension, lipid metabolic disorders, and diabetes mellitus, if present. Prophylactic treatment with platelet inhibitors is of unclear benefit for patients with asymptomatic stenosis; in men, it lowers the rate of heart attack, but not that of stroke. Oral anticoagulation for patients with arteriosclerotic carotid stenosis is of no greater benefit than treatment with acetylsalicylic acid. Intermediate-and long-term secondary prevention corresponds to primary and secondary stroke prophylaxis, especially with respect to risk factor modification (5, 8, e5) . 
The definition of asymptomatic and symptomatic carotid stenosis
The first step in distinguishing symptomatic from asymptomatic carotd stenosis consists of thorough historytaking and clinical neurological examination. This determination should be made by a neurologist with experience in the diagnosis of stroke.
Carotid stenosis is classified as asymptomatic if no symptoms or signs associated with carotid stenosis have appeared in the past six months.
The diagnostic evaluation and further clinical follow-up of extracranial carotid stenosis
Auscultation of the carotid artery is not a suitable method of detecting carotid stenosis.
If carotid stenosis is suspected, Dopper ultrasonography or color-coded duplex ultrasonography should be performed by an experienced examiner (DEGUM criteria).
If the degree of stenosis is in doubt, or if ultrasonography is rendered more difficult by concomitant intrathoracic or intracranial carotid disease or by hemodynamically relevant vascular lesions on the opposite side, contrast-enhanced MR angiography is recommended, or, alternatively, CT angiography.
A diagnostic DSA with selective catheterization of the carotid artery should only be performed if the noninvasive studies yield no definitive conclusion and the DSA findings would have therapeutic consequences.
Statements about the degree of carotid stenosis should be accompanied by information about the type of diagnostic study and the definition of stenosis that was used for quantification (preferably NASCET).
Should persons in high-risk groups undergo screening tests?
Routine screening for carotid stenosis should not be performed.
Ultrasonographic screening is reasonable for persons with vascular risk factors. Screening should only be performed if a positive finding would have clinical consequences.
What diagnostic studies are needed before surgery or endovascular intervention?
All patients with carotid stenosis should have a clinical neurological examination.
Symptomatic patients should undergo brain imaging of a suitable type before any planned carotid revascularization procedure. In asymptomatic patients as well, brain imaging can provide important additional information.
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Operative and endovascular treatment
The indication for the invasive treatment of either asymptomatic or symptomatic carotid stenosis should be determined by an interdisciplinary group that includes a neurologist with experience in the diagnosis and treatment of carotid stenosis (GCP). A neurologist should monitor the complication rates of any carotid revascularization procedure (GCP). Asymptomatic carotid stenosis-Large-scale RCTs have shown that CEA for asymptomatic carotid stenosis measuring more than 60% has a preventive effect on stroke, as long as the perioperative complication rate is less than 3% (Table 3) (19, e10, e11 ). The 5-year risk of stroke was 5%-6% in the operative arms of these trials, compared to ca. 11% in their conservative arms. This corresponds to an absolute risk reduction of 5% to 6% in five years, and thus to a number needed to treat (NNT) of 17 to 20 CEAs to prevent one stroke in five years. It is concluded that CEA should be considered for patients with a stenosis in the 60% to 99% range (↑↑), and that the complication rate must be held below 3% (↑↑). Men benefit more from the procedure than women, and CEA should only be performed if the patient has a life expectancy of at least 5 years (↑).
In the years since these trials of CEA were performed, the pharmacological treatment of arteriosclerosis has markedly improved; we may thus ask whether their findings still apply today (20) . In a recent Canadian trial, for example, the carotid-associated risk of stroke was lowered from about 3% per year to 1% per year with intensive pharmacotherapy, smoking cessation, a Mediterranean diet, and exercise (21) . The nonsurgical treatment accompanying CEA includes the administration of acetylsalicylic acid (ASA) and the optimization of vascular risk factors with drugs and other means (↑↑).
Carotid artery stenting (CAS) may be considered as an alternative to CEA for patients in whom surgery would be technically difficult or of greater than usual risk, as long as the complication rate of CAS can be shown to be less than 3% (↔). The number of randomized, controlled trials that have been performed to compare CAS with CEA in asymptomatic aortic stenosis is still too low to permit any definitive conclusion (Table 4 ). In view of this uncertainty and the improvements in conservative treatment, it is recommended that patients with high-grade asymptomatic carotid stenosis should be enrolled in one of the randomized controlled trials currently in progress (e.g., SPACE-2 [22] , ACST-2 [23] ) (GCP).
Symptomatic carotid stenosis-CEA is strongly recommended for patients with symptomatic 50% to 99% carotid stenosis; the level of evidence for this is high (↑↑) (24-27) ( Table 3 ). The randomized controlled trials that compared CEA and conservative treatment for this group of patients in the 1990s showed that CEA for 70% to 99% symptomatic carotid stenosis (clinical manifestations: amaurosis fugax, transient ischemic attack [TIA] , and non-disabling stroke) lowered the absolute risk of stroke within five years by 16%, which corresponds to an NNT of 6. The operation is beneficial as well for patients with 50% to 69% stenoses, with an absolute risk reduction of 4.6% (NNT 22). CEA is of no benefit for stenoses measuring less than 50%. The prophylactic effect of CEA is long-lasting; the risk of ipsilateral stroke after the operation is less than 1% per year (26, 27) . The perioperative complication rate must not be above 6%.
To prevent early recurrent stroke, CEA should be performed as soon as possible after the neurological index event (↑↑). This can lower the five-year risk of stroke by more than 20%. Persons who are particularly likely to benefit from CEA include (↑↑): All patients should be given ASA perioperatively (↑↑) (28) .
CAS may be considered as an alternative to CEA for symptomatic patients in centers where the CAS-related rate of stroke or death has been documented to be under 6% (↔). This is particularly so for patients who are at high surgical risk (↑). CAS is also recommended for particular subgroups of patients (GCP): those with stenoses at surgically inaccessible sites, those with restenosis after CEA, those with radiogenic stenosis, and those with tandem stenoses (i.e., severe stenosis of the ipsilateral carotid artery, either intracranial or intrathoracic), and those with contralateral recurrent laryngeal nerve palsy. The decision regarding the mode of treatment should take account of patient-specific factors such as age and individual anatomy, as well as the patient's preference (GCP). Further important recommendations on the technical aspects of CEA and CAS are listed in Table 5 (29, e12-e20).
Care coordination and structural quality indicators
Revascularization (CEA or CAS) as an outpatient procedure is rejected for reasons of patient safety (GCP) (e21). It is recommended that, in general, CEA should be performed by a vascular surgeon (↑↑); moreover, in any institution in which CEA is performed, there should be at least one vascular surgeon who performs at least 10 CEA procedures per year. Brain imaging tools (CT, MRT), vascular diagnostics (ultrasound, CT angiography, MR angiography, DSA), and an endovascular interventional service must be available around the clock, as well as appropriate postoperative patient monitoring (GCP) (31, e22) . Registry studies on CEA-and on CAS as well, albeit with fewer patients-have shown that periprocedural complication rates are lower in high-volume hospitals (↑).
CAS should be performed by a physician with the proper clinical and endovascular qualifications who has performed at least 100 cases of selective diagnostic cath eter angiography of the brain-supplying arteries and has independently carried out at least 25 supraaortic interventions. Furthermore, the hospital should have at least one physician doing endovascular procedures who performs at least 10 cases of CAS per year. 24-hour availability of cranial CT and MRI, a neuro-interventional service, a neurovascular service, and appropriate monitoring of high-risk patients, are obligatory (GCP).
Discussion
All of the recommendations found in this S3 guideline are based on a consensus of at least 75% of the participating scientific societies and organizations; most are based on a strong consensus (≥ 95%). This document thus represents a broadly accepted basis for the treatment of extracranial carotid stenosis.
Regarding the ongoing debate on CAS versus CEA, 13 RCTs including a total of 7480 patients have been summarized in several meta-analyses (30, 32, 39) . A recent meta-analysis found CAS to be inferior with 
Asymptomatic carotid stenosis
CEA should be considered for patients with 60% to 99% asymptomatic carotid stenosis, because it lowers such patients' risk of stroke by a small but statistically significant amount.
CEA is of benefit to patients with asymptomatic carotid stenosis only if it can be performed with a complication rate lower than 3%.. The benefit of CEA in patients with asymptomatic carotid stenosis is mainly in men and persons with a life expectancy of at least five years.
The value of different treatments for asymptomatic carotid stenosis (CEA, CAS, BMT) should be evaluated in controlled trials.
When invasive treatment is indicated in a patient with asymptomatic carotid stenosis, CAS may be considered as an alternative if the treating center performs this procedure with quality criteria analogous to those for CEA and with a demonstrated complication rate under 3%.
In cases where treatment is indicated but CEA would present special difficulties, CAS may be considered as an alternative in centers with a demonstrated complication rate under 3%.
Symptomatic carotid stenosis
CEA is recommended for patients with 70% to 99% stenosis after TIA or a non-disabling stroke.
CEA should also be considered for patients with 50% to 69% symptomatic stenosis. Men who have recently had hemispheric symptoms (AF, TIA, stroke mRS <3) benefit most.
CEA is not recommended for less than 50% stenosis.
It is recommended that CEA should be performed as soon as possible after the index event.
CEA is the method of choice for the treatment of symptomatic carotid stenosis as long as it can be performed with normal operative risk.
CAS should be considered as an alternative to CEA for symptomatic patients with high surgical risk.
CAS may be considered as an alternative to CEA for symptomatic patients in centers with a documented rate of periprocedural stroke or death that is lower than 6%.. Figure 3) . The difference came about mainly because of a higher risk of stroke with stenting (30) . As most of the RCTs to date have included a majority of patients with symptomatic stenoses, adequate data are not yet available regarding asymptomatic stenoses. The meta-analysis also shows that CEA carries a higher rate of myocardial infarction (1.7% versus 0.8%), as well as a markedly higher risk of an at least transient cranial nerve dysfunction (Table  4) . As procedure-related stroke is rare, the overall risk of stroke is lower after CEA than after CAS, even in the intermediate term (2.7 years) (Table 4) . Nonetheless, the available trials show no difference in ipsilateral stroke rates after a successful procedure (CEA or CAS) (3, (33) (34) (35) (36) (37) .
The age of the patient was an important prognostic factor in all RCTs, with a trend toward fewer CASassociated complications in patients under age 68 and a significantly lower risk with CEA in patients over age 68. The North American CREST trial also included an investigation of patients' quality of life after CEA and CAS. It was found that, four weeks after the procedure, patients who had undergone CAS had less pain and dysphagia, while those who had undergone CEA were less likely to have difficulty with walking. These differences were no longer detectable twelve months after the procedure. Procedure-related stroke causes a persistent, statistically significant impairment of quality of life, which procedure-related myocardial infarction and cranial nerve dysfunction does not (38) .
The recommendations in this S3 guideline generally accord with those of the current guideline of the European Society for Cardiology (ESC), in which CAS is considered an alternative to CEA only for patients at high operative risk (simple recommendation). CAS can also be considered as an alternative to CEA for symptomatic patients in high-volume hospitals where the complication rate of CAS is under 6% (weak recommendation) (10) . In contrast, the American Heart Association (AHA), in its current guideline, states that CAS is indicated as an alternative to CEA for symptomatic patients with >70% stenoses at average or low risk of complications associated with endovascular intervention (strong recommendation). This AHA recommendation is largely based on the findings of the North American CREST trial; it barely considers the three large-scale randomized controlled trials that have been performed in Europe to address his issue (34, 35, e24) .
The guideline group consented that CAS is undergoing rapid technical development but has not yet achieved the high standard set by surgical treatment. The RCTs show a higher rate of periprocedural stroke after CAS, but higher rates of perioperative myocardial ischemia and (mainly transient) cranial nerve dysfunction after CEA. The age dependency of the CAS complication rate suggests that more pronounced atherosclerosis (e.g., in the aortic arch and the proximal portion of the common carotid artery) is a risk factor for endovascular treatment. After successful interventions, however, the RCTs show no significant difference in the secondary preventive effect of CEA and CAS (30, 32, (34) (35) (36) . All of the RCTs performed to date have been fraught with weaknesses of content and method, so that no absolutely reliable comparison of CAS and CEA under randomized conditions can yet be made. As for factors that might predict a better or worse outcome for CAS, the trial data do not permit any reliable statement about any of the tested criteria (study design, patient selection, endpoints, subgroups, data monitoring, experience of the treating physician, standardization of periprocedural treatment, etc.). This need not imply, however, that these factors are irrelevant to the quality of the outcome (e23).
Perspectives and overview
In the future, further high-quality trials will be needed, so that better selection criteria can be developed for individually optimized conservative, operative, or endo vascular treatment, particularly for patients with asymptomatic carotid stenoses. It will presumably be 
CEA
The surgical method (eversion endarterectomy or conventional endarterectomy) should be chosen on the basis of the surgeon's personal experience.
In conventional endarterectomy, the use of a patch significantly lowers the rate of perioperative stroke and death as well as the perioperative carotid occlusion rate and the rate of restenosis later on in the postoperative course.
In elderly patients with an indication for carotid revascularization, CEA should be considered, especially if the arterial morphological anatomy is not suitable for endovascular intervention.
There is inadequate evidence to support the routine (obligatory) insertion of a shunt during surgical carotid reconstruction.
Intraoperative neuromonitoring during CEA is not evidence-based, but a pathological finding during monitoring can imply an indication for the selective use of a shunt while the carotid artery is clamped.
Patients and surgeons can choose a procedure under local or general anesthesia; the use of one or the other yields no significant difference in outcome at 30 days. The decision regarding anesthesia should take account of the patient's wishes and the individual experience and skills of the anesthesiologist and vascular surgeon.
CAS
In the endovascular treatment of carotid stenosis, primary stent implantation is the method of choice.
In all cases of carotid stenting, self-expanding stents that have been approved for this indication should be used.
For the assessment of in-stent re-stenosis, standardized Doppler criteria must be used so that structural changes can be detected in long-term follow-up.
PTA alone carries a higher rate of restenosis than CAS.
Patients should be given dual platelet inhibition with acetylsalicylic acid and clopidogrel in the peri-interventional period and for at least one month after CAS. important to use modern imaging techniques (MRI, PET-CT, duplex ultrasonography) for the reliable assessment of plaque morphologies that might be predictive of cerebral ischemia. In this S3 guideline, CEA is recommended as the standard treatment for high-grade asymptomatic and mid-and high-grade symptomatic carotid stenosis. CAS may be considered as an alternative to CEA if the treating center meets quality criteria that are analogous to those for CEA, with a complication rate under 3% for asymptomatic stenoses or 6% for symptomatic stenoses. The guideline group welcomes the introduction of obligatory quality assurance for CAS as of 1 January 2012, after having been in place for CEA since 2003. An update of this guideline is projected for 2015.
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